Objective: The purpose of this study was to investigate the dietary potassium intake and associated other dietary factors among a representative sample cohort of Japanese population. Methods: We obtained data from NIPPON DATA80 and 90 that were conducted with the National Nutrition Surveys in 1980 and in 1990. Then we estimated nutrient and food intakes of individuals in the National Nutrition Survey of 1980 and that of 1990, which were adjusted on the basis of data of the National Nutrition Survey of 1995. We analyzed data for 10 422 participants (4585 men and 5837 women) in NIPPON DATA80 and 8342 participants (3488 men and 4854 women) in NIPPON DATA90 having dietary potassium intake information. Results: In NIPPON DATA80 and 90 it was observed that there was a significant relationship between the dietary potassium intake and age for both men and women. Higher potassium intake was associated with higher age, intake of protein, iron, calcium, sodium, vitamins, and fiber. Regarding food groups, lower amount of dietary cereals, rice, flour, fats and oils were associated with higher dietary potassium for both men and women. On the other hand, higher intake of nuts, potatoes, soy beans, fruits, vegetables, mushrooms, sea algae, fish and shellfish were associated with higher dietary potassium. Conclusions: We obtained the mean dietary potassium intake and its association with other dietary nutrient intake in Japanese adults as the baseline data in NIPPON DATA80 and in NIPPON DATA90.
INTRODUCTION
Adequate dietary potassium intake exerts a blood pressure lowering effect and is associated with a decreased risk of cardiovascular disease. 1, 2 The beneficial effects of potassium intake also include decreased risk bone demineralization and kidney stones. 3 Most guidelines on the prevention of chronic diseases and the management of hypertension emphasize the necessity to increase the consumption of potassium-rich foods. [4] [5] [6] However, little information is available on the dietary potassium intake pattern and its different correlates among Japanese general population. Accumulation of reliable data obtained from cohort studies in Japan, with the highest longevity of the world, using representative population groups is needed to establish strategies in Japan for health promotion and prevention of lifestyle-related diseases that take into account the differences between dietary habits and prevalence of diseases in Japan and other countries.
The National Nutritional Survey (NNS) is household-based food consumption survey with the purposes of obtaining information on the nutritional health, actual food consumption and food requirements in Japan. 7 Two cohort studies based on the National Survey on Circulatory Disorders in 1980 and 1990, 8 using the majority of the participants for NNS, have been named as the National Integrated Project for Prospective Observation of Non-communicable Disease and Its Trends in the Aged (NIPPON DATA80 and NIPPON DATA90). Data linkage was performed between NNS and NIPPON DATA with the objective to investigate fundamental data in relation between the dietary nutritional intake and the health.
The purpose of this study was to investigate the dietary potassium intake and associated dietary factors utilizing the aforementioned pooled data which is a representative sample cohort of the Japanese general population.
PARTICIPANTS AND METHODS

National nutritional survey
Food intake survey by weighed food records in three consecutive representative days were conducted by specially trained dietary interviewers. These surveys were performed for all household members from randomly selected 300 survey districts throughout Japan. Dietary interviewers visited participants' houses at least once during the survey. Weekends and holydays were avoided. In the NNS before 1994, nutrient and food intakes per capita were calculated by dividing the amount of food intake by the number of household members. However, since 1995, nutrient and food intakes of individual household members have been calculated by proportional division method for one day, in which the amount of food intake is proportionally divided by the consumption rate of each household member. Average intakes by gender and age class could be calculated by this method. The average intakes in NNS of 1995 were calculated by a combination method of household-based food weighing record and an approximation of proportions by which family members shared each dish or food in the household. In this study, we estimated nutrient and food intakes of individuals in the NNS of 1980 (NNS-80) and that of 1990 (NNS-90), which were adjusted on the basis of data of the NNS of 1995. We estimated nutrient intakes of each household member by dividing household intake data of NNS-80 and -90 proportionally using average intakes by sex and age groups calculated for NNS of 1995. 9 For each person, means of the estimated individual nutrients from the three days records were used in the analyses. Detailed nutrient that were not included in the NNS were complemented via imputation method. Details of the nutrient intake calculation were descried elsewhere. 10 
NIPPON DATA80 and 90
Participants for the NIPPON DATA80 and NIPPON DATA90 studies were the residents aged 30 years or older in 300 census tracts, which were selected using the stratified random sampling method, based on the national census of 1975, throughout Japan. Details of these studies have been described elsewhere. [11] [12] [13] [14] [15] The participants for NIPPON DATA80 and 90 were those persons surveyed for the 3rd and 4th National Survey on Circulatory Disorders, conducted in 1980 and 1990, respectively. During the baseline survey, there were 10 546 participants for NIPPON DATA80 and 8383 participants for NIPPON DATA90. The survey consisted of history taking, physical examinations, blood test, and a selfadministered questionnaire on lifestyle, including dietary habit using the food-frequency method. Trained staff at local health centers in the respective districts performed the examinations in community centers.
Analyses
After excluding the participants who had missing data or total energy intake of less than 500 kcal or more than 5000 kcal, a remaining total of 10 422 participants (men: 4585 & women: 5837) of NIPPON DATA80 and 8342 participants (men: 3488 & women: 4854) of NIPPON DATA90 with dietary potassium intake information were included in the present study. Data were analyzed in men and women separately. Potassium intake was calculated as crude intake (mg per day) and density intake (mg per 1000 kcal). Dietary potassium intake was classified into quintiles and physical, life-style, and dietary parameters were examined across the quintiles. Data are presented as means and standard deviations. Chi-squared tests were used for the categorical variables. To detect differences in continuous variables in groups, analysis of variance (ANOVA) was used. The "contrast" option for analysis of variance was used to detect deviation from linearity in the association between continuous variables and the five potassium intake groups, and trend P was obtained. All statistical analyses were performed using SAS® version 9.1 (SAS Institute, Cary, NC.).
RESULTS
For the participants of NIPPON DATA80 the mean dietary potassium intake for men and women was 3042.4 (SD 792.3) mg/day and 2768.5 (SD 736.2) mg/day, respectively. The mean dietary potassium density intake was 1274.4 (SD 239.8) mg/1000 kcal for men and 1442.8 (SD 278.3) mg/ 1000 kcal for women. From the data obtained from NIPPON DATA90, the estimated mean dietary potassium intake for men and women was 3033.5 (SD 804.3) mg/day and 2751.8 (SD 751.4) mg/day, respectively. The mean dietary potassium density intake was 1316.5 (SD 263.4) mg/1000 kcal for men and 1486.0 (SD 302.8) mg/1000 kcal for women.
NIPPON DATA80 participant characteristics and nutrient intakes according to quintiles of dietary potassium intake are shown in Table 1 for men and in Table 2 for women. Higher potassium intake was associated with higher age and intakes of protein, iron, calcium, sodium, and vitamins for both men and women. On the other hand, BMI and total dietary fat did not show any association with the dietary potassium. Tables 3 and 4 shows the food group intakes according to quintiles of dietary potassium intake for men and women of NIPPON DATA80, respectively. Regarding food groups, lower intakes of dietary cereals, rice, flour, fats and oils were associated with higher dietary potassium for both men and women. On the other hand, higher intake of nuts, potatoes, soy beans, fruits, vegetables, mushrooms, sea algae, fish and shellfish were associated with higher dietary potassium. Tables 5 and 6 shows participant characteristics and nutrient intakes according to the quintiles of dietary potassium intake for men and women from NIPPON DATA90, respectively. Higher potassium intake was associated with higher age and intake of protein intake, fiber, iron, calcium, sodium, phosphorus, magnesium, and Dietary Potassium Intake in Japanese Population S-568 vitamins for both men and women. Intake of fats did not show any association with the dietary potassium. Table 7 and Table 8 show the food groups according to quintiles of dietary potassium intake for men and women of NIPPON DATA90 cohort, respectively. Regarding food groups, lower amount of dietary cereals, rice, flour, fats and oils were associated with higher dietary potassium for both men and women. On the other hand, higher intake of nuts, potatoes, soy beans, fruits, vegetables, sea algae, milk and dairy, and fish and shellfish were associated with higher dietary potassium. Dietary Potassium Intake in Japanese Population S-570 Table 9 shows the potassium and other nutrients intake by age-group for men and women in cohorts of NIPPON DATA80 and 90, respectively. The dietary potassium intake and major food group intakes were significantly associated with age (all Ps < 0.001). Similar was also observed for the men and women participants of NIPPON DATA90 (Table 10) .
DISCUSSIONS
This cross-sectional study was initiated to describe the dietary potassium intake and its relation with other dietary factors and clinical characteristics among a representative sample cohort of Japanese population. We found significant relationship between the age and the dietary potassium intake. For both men and women, older aged people had higher potassium. Dietary intake of fruits, vegetables, milk and dairy products were associated with potassium intake where as fat intake did not show any association. On the other hand, lower intake of dietary cereals, rice, flour were associated with higher dietary potassium for both men and women. Higher intake of nuts, potatoes, soy beans, mushrooms, sea algae, fish and shellfish were also associated with higher dietary potassium. Regarding minerals, significant relationship was observed to intakes of iron, calcium, sodium, phosphorus, magnesium, vitamins and dietary potassium intake for both men and women. These dietary patterns had not been highlighted adequately in prior nutrition surveys, and should be confirmed by additional analysis of NIPPON DATA and NNS or other studies. Our findings are potentially useful for the development of hypothesis in future NIPPON DATA studies to examine and interpret interactions in detail between potassium intake and other nutritional factors, food groups, risk factors, comorbidities and mortality from various cardiovascular outcomes.
Potassium, the most abundant intracellular cation, is important for membrane transport, energy metabolism, fluid balance and proper cell functioning. Potassium has a crucial role in membrane polarization and abnormal potassium homeostasis can result in disorders in cardiac, muscle and neurological function. 16, 17 Available evidences from animal studies, observational epidemiological studies, clinical trials, and meta-analyses of these trials have associated potassium Dietary Potassium Intake in Japanese Population S-572 intake with blood pressure. 1 Higher potassium intake exerts a blood pressure lowering effect. Potassium is present in most food groups, however good sources of potassium include fruits, vegetables, dairy products, whole grains, nuts, seeds and dried beans. 16 A high potassium intake can be achieved through diet. Because potassium derived from foods is also accompanied by a variety of other nutrients, the preferred strategy to increase potassium intake is to consume foods that are rich in potassium, rather than supplements. 1 In studies, including the Dietary Approach Against Hypertension (DASH) trial, it was observed that increased fruit and vegetable consumption lowered BP. [18] [19] [20] DASH has also demonstrated that the addition of low-fat dairy products to a diet high in fruits and vegetables significantly reduced BP. 21 The effects of potassium on BP depend on the concurrent intake of salt and vice versa. Specifically, an increased intake of potassium has a greater BP-lowering effect in the context of a higher salt intake and lesser BP reduction in the setting of a lower salt intake. Conversely, the BP reduction from a reduced salt intake is greatest when potassium intake is low. 1 This emphasizes the feasibility of increasing the consumption of potassium-rich foods while reducing that of sodium-rich foods at the individual level. In the generally healthy population with normal kidney function, a high potassium intake from foods poses no risk because excess potassium is readily excreted in the urine. However, in individuals whose urinary potassium excretion is impaired, a higher potassium intake may cause adverse cardiac effects from hyperkalemia. 1, 22 We observed that the participants with higher intake of dietary potassium tended to be from older age categories. These findings are comparable to the National Nutrition Survey in 2003 findings, 23 which demonstrated that potassium intake of people aged 50 and over was higher than younger people. The National Nutrition Survey in 2003 was based on the individual nutrition intake data. 23 Regarding the association between age and dietary potassium intake, similar to our findings, Iso et al 24 also reported lower intake of potassium among younger age group people using FFQ.
Dietary potassium intake is likely to be associated with the subject level covariates as well as the other components of the dietary patterns of a person. Information about the potassium intake in Japanese population in relation to other nutrient intake and overall dietary habit needs to be further investigated using longitudinal research. While, with the use of the pooled NIPPON DATA and NNS data set it would be possible for us to investigate the interactions in detail between nutritional factors, cardiovascular risk factors and mortality; on the other hand we also should be careful about the mutual correlations between potassium intake, other nutrient and food intake. Dietary Potassium Intake in Japanese Population S-574
